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EXECUTIVE SUMMARY 



Four St. Catharines beaches on Lake Ontario have been continuously 
posted since 1983 due to elevated fecal coliform levels. In 
addition, these beaches were posted periodically in many previous 
years . 

Dur ing 1984 and 1985, field investigations and instream surveys 
were conducted to identify and quantify bacterial contamination 
sources that resulted in these beach postings. Twelve Mile Creek 
was determined to be the main con tarn inat ion source during the 1984 
surveys with the Old VVelland Canal as the principal contributor. 
However , during the 1985 surveys, upstream sources also 
contributed significantly to water quality degradation. 

Three main sources of bacterial pollution were found during the 
1984 surveys . These were the Centennial Park combined sewer 
and the effluents from the Ontario Paper Company and Domtar 
Construct ion. In addition, ten dry weather combined sewer 
overflows were found discharging to the Twelve Mile Creek system 
in the City of St. Catharines. All sources were reported to the 
City. After the 1984 survey and prior to the 1985 survey , the 
Centennial Park sewer and the overflows were corrected and 
consequently minimal bacterial loads were contributed by these 
sources. 

During the 1985 surveys, three main sources of bacterial pollution 
were identified. These were Carter Creek and the effluents from 
the Ontario Paper Company and Domtar Construction. The Carter 
Creek discharge had increased to levels similar to those which 
were discharged from the Ontario Paper Company and Domtar 
Construction. In add ition, background levels monitored in Twel ve 
Mile Creek at Glendale Avenue were 10 to 30 times greater than the 
1984 levels. Three dry weather overflows were discovered 
discharging to the buried port ion of the Old Wei land Canal . These 
sources were reported to the Ci ty of Thorold . To date, the City 
of Thorold is still investigating means of correcting these 
over f lows . 
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1.0 INTRODUCTION 

1 .1 Beach Closures 

Along the southwestern Lake Ontario shoreline at St. 
Catharines, there are five sandy beaches . For the past three 
years, four of these beaches, namely Lakeside Park, Michigan. 
Municipal and Garden City (Figure 1.1), have been 
continuously posted to public bathing by the Niagara Regional 
Medical Officer of Health. These postings are due to fecal 
col i form levels in the water exceeding Ministry of the 
Environment (MOE) swimming guide 1 ines (1 ) . The guiriel ines 
state that a potential health hazard exists if the geometric 
mean of fecal coliform density for a series of ten water 
samples exceeds 100 organisms per IflO milliliters of water 
(100 org/100 ml) . 

The health risk to swimmers is associated with pathogens 
which include bacteria, fungi, protozoa and viruses carried 
by the water or res.uspended from the bottom sediments by the 
bathers and/ or wave act ion. Contact wi th these pathogens may 
cause infections of the skin, gas tro- in tes t ina 1 tract nr 
upper respiratory system. Densities of fecal coliforn 
bacteria at any one beach may be inf luenced by many factors 
such as discharges from rivers, wastewater, storm sewers, 
drainage from agricultural land, birds, swimmers, sunlight, 
1 ake roughness , lake currents and water turbidity. 

1 .2 Previous Studies 

Previous studies carried out by the MOE in 1983 indicated 
that the high waterfront bacterial levels were mainly 
attributed to the outflow from Twelve Mile Creek. Under 
normal lake condi t ions . the plume from the creek would 
frequently blanket the beaches. In addition, it was shown 
that the contamination in Twelve Mile Creek was a result of 
many point source discharges. 
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Figure 1.1 Location map of St. Catiiarines' Beaches Study Area 
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Dur ing the summer of 1978, a study was carried out by the 
Microbiology Section of the Laboratory Services Branch and 
the West Central Region of the M0E(2). This study attempted 
to evaluate the imp act of the pulp and paper operations in 
Si. Catharines and Thorold on the bacterial quality of the 
Old We 1 land Canal and Twelve Mi le Creek . The study found 
that the paper mills have a substantial impact. However, 
other sources contributed to the bacterial pollution as we 11. 
The report recommended that further studies be carried out in 
order to identify the additional sources. 

During the summer of 1983, the Great Lakes Section nf the 
Water Resources Branch of the the Ministry of the Environment 
in conjunction with the Welland District office carried out a 
s tudy on the St. Catharines lakefront to locate sources of 
bacterial pollution to the bathing beachesO). Numerous 
small sources were found along the beaches especially during 
rainfall events, however, the Twelve Mile Creek outflow was 
identified as the major source with the Old We 11 and Canal 
being the major bacterial contributor. No at tempt was made 
to locate individual sources of contamination to Twe 1 ve Mile 
Creek and the Old Welland Canal during this study. 

As a result of these two studies and continuous beach 
closures, the West Central Region, Technical Support Section 
conducted both field investigations and bacteriological 
surveys in the St. Ca thar ines/Thoro Id area during 1984 and 
1985. These investigations and surveys were carried out to 
quantify and identify bacterial sources to the Old Wei land 
Canal and Twelve Mile Creek. Bacteriological sampling was 
also carried out along the waterfront and the outlet of the 
Welland Ship Canal. The Niagara Regional Health Unit 
co-ordinated beach sampling with the MOE survey. 
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2.0 TWELVE MILE CREEK DRAI^3AGE BASIN AJJD STUDY AREA 

2 .1 Physical and Hydrologlcal Features 

The Twelve Mile Creek drainage basin, with a total land and 
water surface area of 150 km^ , is located in Southern Ontario 
along the southern shore of Lake Ontario (Figure 1.1). The 
drainage basin encompasses the majority of both the cities of 
St. Catharines and Thorold within its watershed boundaries. 
The remaining portions of St. Catharines and Thorold lie 
mostly within the drainage area of the Welland Ship Canal, 

The main watercourses in the study area include the Welland 
Ship Canal , Twelve Mi le Creek and the Old Wei land Canal 
(Welland Canal #2). The majority of the water flowing in the 
study area originates from Lake Erie with diversions to the 
three main watercourses . The remaining water contributions 
include industrial , storm and combined sewer discharges , 
effluent from the Port Dalhousie and Port Weller sewage 
treatment plants and natural flow from headwater tributaries. 



Twelve Mile Creek originates in the southern portion of the 
study area as a small natural stream with flow measurements 
of approximately 0.11 m^/s (3.9 cfs) during the surveys . 
Water discharged from the DeCew Fal Is generating station 
increases this flow to approximately 180 to 200 m^/s (6,400 
to 7,100 cfs). This water is diverted from the Welland Ship 
Canal and routed via lakes Gibson and Moody to the generating 
station. Twelve Mi le Creek receives little addi t ional inflow 
during dry weather periods as it flows north to its 
confluence with the Old Welland Canal, (Figure 1.1) 

The Old Wei land Canal (Canal #2) begins in southern Thorold 
near the Ontario Paper Company Ltd. where 1.4 m-^/s (50 cfs) 
is diverted from the Welland Ship Canal. This diverted water 
is used to dilute the effluent discharged by downstream 
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industries . It receives an additional 2.0 m-^/s (71 cfs) of 
industrial and municipal effluent as It flows north under 
Thorold and through St. Catharines to its conf luence with 
Twelve Mile Creek. The largest single contributor is the 
Ontario Paper Company Ltd. which discharges 1.4 m~^/s (5(1 cfs) 
of treated effluent to the canal. The remaining major dry 
weather contributors are Fraser Inc. (0.33 m^/s), Domtar Fine 
Papers Inc. (0.12 m^/s), Hayes Dana Inc. (0.11 m^/s), Domtar 
Construction (0.0099 m^/s) and Kimberly Clark Inc. (0.080 
m^/s). 

2 .2 Land Uses and Population 

The populations of the Cities of St. Catharines and Thorold 
are 124,018 and 15,412 respectively (4). St. Catharines 
const i tutes approximately one-third of the total popula t ion 
of the Niagara Region, making it the largest urban area 
within the Region . The automot i ve industry is the largest 
industrial employer; other industries include pulp and 
paper , ship bui Iding , wineries , and structural steel. The 
City of Thorold has a number of large and medium si zed 
industries, with pulp and paper and automobile manufacturing 
being the largest employers. 

The majority of the land in the two cities is within the 
Twelve Mile Creek watershed. The exceptions are three 
drainage areas which outlet to Lake Ontario, i.e. Spring 
Garden. Walkers and Beamer Creeks and as previously 
mentioned, the Welland Ship Canal. 

There are two major sanitary drainage areas which terminate 
a t sewage treatment plants near the shores of Lake Ontari o 
(Port Dalhousie and Port Weller). The sewered areas serviced 
by the two plants consist of separated sanitary and storm 
sewer systems and, in the older portions of the cities, 
combined sewer systems. As a consequence of the older parts 
of the cities being served by combined sewers , signi f leant 
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amounts of surface runoff and other extraneous flows enter 
the trunk sanitary sewers (Figure 2.1). A design wet weather 
flow of approximately 2.5 times the peak dry weather flow is 
conveyed for treatment . Flows in excess of this amount are 
discharged through flow regulator chambers , untreated, to the 
receiving streams , ei ther the Twelve Mi le Creek or the Old 
We II and Canal . 

2 .3 Water Uses 

Water is sold by the St. Lawrence Seaway Authority to a 
number of consumers along the Wei land Ship Canal . The most 
significant client is Ontario Hydro whi ch purchases a supply 
varying between 180 and 220 m^/sec (6,400 and 7,800 cfs) for 
the DeCew Fal Is Genera t ing Plant . The water is suppl led to 
Lake Gibson which acts as a head pond for the genera t ing 
plant • 

The raw water supply for the DeCew Water Filtration Plant, 
which is operated by the Regional Ffunic ipal i ty of Niagara, is 
also the Welland Ship Canal. The DeCew Water Plant serves 
the cities of Thorold and St . Catharines , the Town of 
Niagara-on-t he-Lake and a portion of the Town of Lincoln , 
with an average annual consumption of approximately 1.4 
m^/sec (50 cfs). Other major users of the Welland Ship Canal 
water In the survey area Include the Old Wei land Canal to 
which water is suppl led at the rate of 1.4 m^/sec, the 
Ontario Paper Company (1.4 m^/sec) and several smaller 
Industr ies. 

2.3.1 Recreati on 

In addition to scenic areas for picnlcing, jogging and 
cross-country skiing, there are a variety of water-related 
activities within the study area. The Royal Canadian Henley 
Regatta on Martindale Pond (Twelve Mile Creek upstream of 
Lakeport Road) annua lly sponsors a wo rid renowned rowing 
competition. A small crafts harbour is located at the mouth 
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Figure 2.1 Location map of Combined and Separated Sewers 
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of Twelve Mile Creek and contains the Port Dalhousie Yacht 
Club, and the Snug Harbour riarina. Located adjacent to 
Jones Beach on the east side of the WeUand Ship Canal is 
the St. Catharines Marina. In addi t ion to these boa t ing 
areas, St. Catharines has the five sandy beaches previously 
described . 

2.3.2 Waste Assimilation 

A number of industries operate their own waste disposal 
facilities and discharge their effluent into the storm 
drainage or surface water systems. Such discharges are 
regulated by the Ontario Ministry of the Environment. The 
industries are the following: 

a) General Motors - Ontario Street (St. Catharines) plant, 
operates two oil separators to treat contaminated 
cooling water and drainage before discharge into Twelve 
Mi le Creek. 

b) General Motors - Foundry and Engine Plant located on 
Glendale Avenue (St. Catharines) treats its wastes in a 
lagoon situated at the northeast corner of their 
property. Discharge is to the Welland Ship Canal. 

c) Ontario Paper - Located in Thorold, treats its pulping 
and paper-making wastes and discharges to the Old 
Welland Canal by an inverted syphon beneath the Welland 
Ship Cana 1 . 

d) A number of industries located along the Old Welland 
Canal obtain water from the Seaway Authority. Some of 
these firms treat their wastes and discharge the 
effluent into the Canal. These include Domtar 
Construct ion Materials , Fraser Inc . , Kimberly-Clark. 
Domtar Paper and Hayes Dana. 
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e) Beaverwood Fiber - a paper mill, provides prinary 
treatment for its waste which is then discharged to the 
Beaverdams Creek/Lake Gibson System. 

Sanitary sewage is treated at two treatment plants . The 
Port Dalhousie plant and Port Waller plant both provide 
secondary treatment, phosphorous removal and disinfection by 
chlorination: however, chlorine is only used from May 15 to 
October 31 . Treated effluent from the Port Dalhousie plant 
is discharged into Twelve Mile Creek at its mouth and from 
the Port Weller plant into the We 11 and Ship Canal also at 
i ts mouth. In both cases, the effluent mixes with the 
outgoing flow and is discharged into Lake Ontario through 
channels formed by breakwalls which were constructed for the 
Port Dalhousie and Port Weller Harbours. The rated capacity 
of the Port Dalhousie sewage treatment plant is 61,370 m-^/d 
(13.5 MIGD) . When flows exceed 122,700 m^/d (27 MIDG) . the 
excess flow is diverted into Twelve Mile Creek. Port Weller 
is rated at a capacity of 37,500 m^/d (8.3 MIGD); however, 
most hydraul ic and all biological components can handle 
56,250 m^/d (12.4 MIGD). When flows exceed 56,250 m^/ri, the 
excess flow is diverted to the Welland Ship Canal. 



2.3.3 Shipping 



A significant feature of the water systems in Thorold and 
St. Catharines is the water supply from the Wei land Ship 
Canal . The total flow of water entering the Canal at Port 
Colborne can be as high as 30 m^/sec (10 ,600 cfs) . with 
only approximately 10 to 15% being used for operating the 
locks(3). The difference of 99.5 m (326.5 ft) between the 
levels of Lake Ontario and Lake Erie is now overcome wi th 
eight locks and 43.4 km (27 miles) of channel in the fourth 
Wei land Cana 1(5). 
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3 .0 Field Investigations 

Field investigations of combined sewer over f lows and storm 
out f al Is from the urban port ion of the study area were 
carried out during May 19 8 4 and August 19 85 . During the 
1984 field work, with the assistance of Engineering staff of 
the City of St. Catharines, almost 60 outfalls and overflow 
structures to the Twelve Mi le Creek were inspected during 
dry weather conditions (no precipitation for the previous 48 
hours). These outfalls included the six paper mills and the 
Port Dalhousie sewage treatment plant. The majority of the 
outfalls inspected were part of the combined sewer sys tern in 
the older portion of St. Catharines (Figure 2.1). Combined 
sewers contain both storm and sani tary flows . Therefore, an 
outlet is required when either the combined sewer capaci ty 
or the sewage treatment plant capacity is exceeded. 

The 1985 field work included, with the assistance of City 
Engineering staff, the inspection of 41 sanitary, combined 
and storm manholes in the City of Thorold. Sewer 
inspections were conducted by examining combined sewer 
overflow structures and storm and sanitary manholes adjacent 
to the Old Wei land Canal. Manhole inspections were 
necessary in Thorold due to the large flows in the Old 
Welland Canal and because the Canal is entirely enclosed. 

The fo 11 owing two sections detail the findings of the two 
field inves tigations. 

3 .1 Field Work - 1984 

The 1984 field investigations, during dry weather periods, 
located 9 storm sewer outfalls and 4 combined sewer over f low 
structures discharging sanitary wastewater. This 
inf nrmat ion was forwarded to the City of St. Catharines 
Engineering Department on July 2. 1984, for corrective 
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action. A suminary of all problem sites and correct ive 
measures completed by the Ci ty is presented in Table 3.1. 

It was estimated that the total outflow from these overflows 
and storm sewers was approximately 60 litres per second. 
Sanitary sewage can be expected to contain up to 10 million 
coliform organisms per 100 ml. Therefore, these 
contributions represent a signif leant load to the Twelve 
Mile Creek system. 

These problem sites were re-inspected prior to the July 
ins t ream survey and only the 78 " Centennial Park and 
VVel landvale sewers were still found to be discharging. 
However , the outflow had been reduced significantly in the 
Centennial Park sewer. The observed improvements were a 
result of increased cleaning and other remedial works 
carried out by the Ci ty . These two sewers were included in 
the July instream survey sampling program. 

3.2 Field Work - 1985 

The 1985 field invest! gat ion during dry weather periods 
located two storm sewer connections and one combined sewer 
overflow structure discharging sanitary wastewater . This 
information was forwarded to the City of Thorold Engineering 
Department for correct ive action. 

The two storm sewer connections that were discharging 
sanitary wastewater were located near the intersection of 
Lynden and Ormond Streets. Both of these connections 
discharged to the Old Wei land Canal . ' The discharging 
combined sewer overflow structure was located on the east 
side of Pine Street be tween Albert and Ann Streets. This 
overflow structure was sealed with concrete at one time, 
however , it had deteriorated and part ially col lapsed . 
Combining all three sanitary discharges , it was es t imated 
that approximately 30 litres/second of wastewater were being 
continuously discharged to the Old Welland Canal. 



TABLE 3.1 
WCATIObi, PROBLEM AND ODRRECTIVE MEASURES OF INADVERTAOT SANITARY WASTElffVTER DISCHARGES 





Site Location 


Problem Description 


Corrective Measure Taken 


1. 


Centennial Park Outfall 


Dry Vfeather Flow Discharge & high bacterial 
counts 


New design of overflow being cxiiipleted. 


2. 


Grapeview Drive Outfall 


High Bacteria Counts in Creek 


Overflew has been blocked off. 


3. 


Carter Creek Outfall 


Lew weir level 


Weir level raised. 


4. 


Wellandvale Outfall 


Dry weather flow overflcwing weir 


Cleaned overflow weir of debris 


5. 


Renown Road at Ridley Rd. 


Dry weather flow discharging to storm sewer 


Overflow has been blocked off 


6. 


Renown Road at St. Paul Cres. 


Dry 'W3ather flow overflowing weir 


,,, ,. , , »,»,• 


Work order issued to inprove the hyiraulxcs 
of the manhole. 


7. 


Saiina Street Outfall 


Connection Pipe blocked to trunk sewer 


New overflew structure constructed. 


8. 


Riverview Boulevard Outfall 


High bacteria counts in outfall waters 


Illegal connections are responsible. Are 
evaluating oost sharing for corrective vork. 


9. 


River Crest Drive Overflow 


Very little freeboard in overflow structure 


Operating as designed. 


10. 


Kent Street Overflew 


Very little freeboard in overflow structure 


Operating as designed. 


11. 


Glengariy at Glendale 


Very little freeboard in overflow structure 


Overflow structure unprxjved. 


12. 


Rockcliff Road Outfall 


Could not locate (located by City staff) 


Operating satisfactorily. 


13. 


Carlton Street 


Could not locate (located by City staff) 


Operating satisfactorily. 



TABLE 3.1 cont'd 
LOCATION, PROBLEM AND CDRRECTIVE MEASURES OF SANITARY V^ASTnEJCVTER DISCHARGES 



' 


Site Location 


Problem Description 


Corrective Measure Taken 


14. 


>toffat Street Outfall 


Direct discharge to Old Vfelland Ccinal 


New sewer to be constructed. 


15. 


Lakeport Etoad Outfall at Old 
Locks 


Gould not locate 


No dry vreatiher flow occurring. 


16. 


I-akeport Road Outfall at 
Harbour 


Trash racks plugged 


Trash racks cleared of debris and placed on 
routine naintenance schedule. 



I 
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4 . Bacteriological VJater CXiality 

The instrean survey design used the fecal coliform parameter 
as a bacteriological water quality indicator. Fecal 
coliform densities in water can be related to the presence 
o f sewage and therefore to the risk of contracting a disease 
from pathogens which may be contained therein. Fecal 
coliforms are recognized as a standard indicator of 
bacteriological water quality for recreational use. 

The fecal coliform group includes the genera Escheri chi a 
col i , Klebsi e I 1 a , Enterobac ter and Ci trobac ter . While all 
these organisms are found in an i ma 1 and human was tes , 
Klebsie 11a , Enterobac ter and Ci trobac ter are also found in 
the natural envi ronmen t thus making it difficult to pinpoint 
their true source of origin. Escher ich i a col i (E. co 1 i ) has 
been shown to be a much more reliable indicator to detect 
fecal pollution from human was tes . 

Six paper mills are located in the study area; five 
discharge to the Old Welland Canal while the sixth 
discharges to Lake Gibson. Klebsiella naturally comprises a 
large fraction of the bacteria found in the pulp and paper 
wastewaters and is not associated with fecal contamination 
but processed waste contamination. In addition to E, co 1 i , 
Klebs ie 1 la and Pseudnmonas aeruginosa were also analyzed in 
some of the surveys. 

The health significance of Klebsiella has caused 
considerable debate in the past since only one of its five 
taxonomic groups, specifically K. pneumoni ae sensu s t r ic to 
is an opportunistic pathogen and only infects "high risk 
individua Is" ( 7 ) . However, its health significance in 
surface waters is unknown . Fseudomonas aeruginosa on the 
other hand is directly linked to infections in swimmers and 
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bathers . This pathogen was sampled when appropri ate sanple 
al location resources were aval 1 able from the laboratory. 

4 .1 Instream Surveys 1984 - 1985 

Four, three-day instream surveys were conducted during the 
two year period (two per year ) . Sampl ing stations (Figure 
4.1) were visited at four hour intervals. Stream and 
effluent flows were measured or estimated on a regular basis 
wherever possible . Water samples were taken and kept on ice 
and transported twice daily to the MOE laboratory in Toronto 
for bacterial analysis. 

4.1.1 July 9 - 12 . 1984 Survey 

The July 9 - 12, 1984, instream survey was the most 
in tens ive of the four studies. This survey was designed to 
evaluate the importance of all identified bacteria sources 
to the Twelve Mi le Creek drainage system. For ty- seven 
s tream and ef fluent sources were sampled , stream f lows or 
discharges were measured or estimated and times of travel 
between instream sampling stations were determined. Mixing 
studies were carried out to identify appropriate sampl ing 
sites. 

Water samples were analyzed for fecal coliforns, E. col i , 
Pseudomonas aerugi nosa , dissolved oxygen, temperature and 
pH . Geometric means for fecal coliforms and Pseudomonas 
aeruginosa and arithmetic means for dissolved oxygen (D.O.), 
temperature, pH and flow are summarized in Table 4,1. Table 
4.2 presents the maximum, minimum and median values for 
fecal coliforms. E. co 1 i data have been deleted because of 
analytical problems (see Section 4.4). 
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Twelve Mile Creek - L&keporl Road 

Port Dalhousle S.T.P. 

McKenile Drain North 

McKanile Drain Wast 

Twelve Mile Creek - Moutb 

Lakeaida Park Beach 
Michigan IBesch 
Garden City Beach 
Municipal Beach 
Jonas Beach 



06 


-0017-142- 
" 17-141 
■■ 17-166 
■■ 17-147 
■ < 17-171 
■• 17-146 
■■ 17-140 
■ 17-152 
" 17-146 
'■ 17-139 
■' 17-144 
" 17-143 
'■ 17-009 
- 17-116 
■' 17-137 
p- 17-117 
■• 17-119 
■■ 1 7- 1 1 B 
■■ 17-136 
" 17-003 


02 


06 


14-00 1 
" 14-102 
•■ 14-101 


02 



Old WeliBna Canal - intake 

Ontario Paper Final Elfluent 

Old Weiland Canal - Dock Road 

Domlar Conelruction Final Ellluent 

Old Weiland Canal - Beaver Dams Park 

F r a s e r Inc. 

Old Weiland Canal - Towniine Road 

Old Wetland Csnel ~ John Street 

KImberly Clerk Inc. 

Old Wetland Canal - Ball Avenue 

D o m t s r Fine Paper? Inc. 

Hayes Dsna Inc. 

Old Weiland Canal - Dishor Street 

Dick's Creek 

Old Weiland Canal - Westchester Avenue 

Carter Creek 

SI. CaltierineE Hospital Sower Outlall 

Centennial Park - 7B" Sewer Outtall 

Old Weiland Canal - Tricell Intake 

Old Weliend Canal - Tricell Outlet 

Weliend Stiip Canal - Lakes ti ore Road 

Port Welter S.T.P. 

Weiland Ship Canal - Mouth 



TAaL£ 4.1 



ST. Gft-mMUHES OFF-BEAQIES SURVKY DftTA SJiWRKY 
JULY 9-11, 1984 



Station Deacription 



Old Weiland Canal - Intake 

Ontario Paper final Effluent 

Dantar CCwwtruction Final Effluent 

Fraser Inc. 

Old ItellaiKl Canal - John Street 

Kiinberly Clark Inc. 

Old WelLand Canal-Ball Avenue 

Dantar Fine Paper Inc. 

Hayes Dana Inc. 

Old VJellaiii Canal-Disher Street 

Dick's Creek 

Old Wellaixi Canal-Westclieater Street 

Carter Cresek 

St. Catharines rtaapital Se-rer Outfall 

Centennial Park -• 7Q" Sewer Outfall 

Old IfeLlarKl Canal - Tricell Intake 

Old Wellarxl Canal - Tricell Outlet 

Boaverwaod Fiber Clarifier Effluent 

Bttaverwood Fiber Spill Pond Effluent 

Gibson Lake at Decew Road 

Twelve t-iile Creek-First Street 

TVelve Mile Creek-Glendale Avenue 

Twelve Mile Creek "Ftwrtli Avenue 

;tellaii3vale Avenue Sewer Outfall 



GeoTBtric Mean 



Organiams/lOO ml 
Fecal Col i forma P. aeruginosa 
I of # of 

Sanples Saiiples 



51-4 


10 


- 1 


49,195 - 17 


106 


- 9 


1,516,575 - 2 


158 


- 5 


316 - 6 


34 


- 6 


201,351 - 15 


120 


- 9 


58-6 


27 


- 6 


101,163 - 9 


115 


- 5 


192 - 6 


70 


- 6 


497 - 6 


115 


- 6 


190,094 - 9 


100 


- 5 


1,366 - 11 


22 


- 6 


410,000 - 16 


loa 


- 9 


5,390 - 11 


73 


- 6 


41 - 13 


11 


- 7 


6,152,488 - 17 


11,307 


- 9 


373,309 - 9 


143 


- 5 


262,770 - 16 


191 


- 8 


189 - 5 


53 


- 5 


3,956 - 5 


125 


- 5 


20-4 


10 


- 1 


202 - 4 


10 


- 1 


32 - 17 


13 


- 9 


4,410 - 17 


12 


- 9 


1,624 - 13 


51 


- 6 



Bb tins ted 
Flow rn^/a 



1.4 

1.4 

0.0099 

0.33 

3.1 

0.080 

3.2 

0.12 

O.ll 

3.4 

0.0028 

3.5 

0.031 

0.0020 

0.023 

3.5 

3.5 

O.OOIO 

O.OOIO 

200 

O.ll 

200 

200 

0.00090 



Arithmetic Mean 



Dissolved 

Oxygen 

mg/1 



Tenperature 
*C 



7.57 


19.5 


5.47 


22.0 


4.10 


25.1 


5.93 


24.6 


4.78 


22.0 


3.31 


25.6 


6.90 


20.7 


5.25 


26.2 


4.89 


24.2 


6.86 


21.0 


5.12 


19.5 


6.51 


20.9 


7.72 


19. a 


7.53 


21.0 


4.51 


21.1 


3.90 


20.9 


3.92 


20.9 


5.14 


23.7 


2.01 


21.9 


7.71 


19.0 


6.42 


18. 


7.94 


19.6 


7.56 


19.4 


3.61 


16.6 



PH 
Units 



8.24 

6.61 

7.06 

6.67 

6.94 

7.07 

7.22 

7.13 

6.73 

7.51 

7.56 

7.57 

7.65 

7.91 

6.M. 

7.37 

7.52 

7.04 

6.81 

0.23 

8.16 

8.23 

8.19 

7.98 



Focal Colifonn Load 
orrjani sma/ see 
X 108 



0.0071 

6.9 

1.5 

0.010 

62 

0.00046 

32 

0.0023 

0.0055 

65 

0.00038 

140 

0.017 

0.0000082 

14 

131 

92 

0.0000019 

0.00040 

0.40 

0.0031 

0.64 

89 

0.00015 



H 
^ 



TABLE 4-1 (oant. ) 

ST. CftmftRIMES OFF-BEflOIES SURVEY [ATA SUtVMCi 

JULY 9-11, 1984 





Gecnietric Mean 




Arithraetic Mean 






Station Dencription 


Otgariisnn/ 100 ml 




Dissolved 










Fnml Ctolifomia 


P. aeruginosa 


Estunated 


Oxygen 


l^enfierature 


f« 


Pnral CDliforra Load 




t of 


» of 


Flow m^/a 


nq/1 


"C 


Units 


organlans/aec 




Sanples 


Sanples 










X loe 


KfflisingbcMi Place S»jer Outfall 


68-7 


29-6 


0.028 


7.26 


27.7 


8.21 


0,00019 


General Itotors Cooling Water Effluent 


30-8 


24-6 


0.0085 


7,82 


23.5 


8.11 


0.000026 


General Motors Relief Sewer 


225 - 8 


11-6 


0.028 


7.37 


27.6 


8.10 


0.00063 


MancWaster Avenue Sewer Outfall 


23,599 - 8 


73-6 


0.014 


7.56 


26.0 


8.33 


0.033 


Scott Street Sewer Outfall 


10,612 - 6 


818 - 5 


O.OOOOIO 


7.56 


19.7 


8.43 


0.000011 


Twelve Mile Creek-C^H Bridge 


3,410 - a 


12-7 


200 


8.26 


18.0 


8.28 


68 


Ric^^ardson Creek 


206-7 


13-3 


0.0015 


5.82 


15.3 


8.05 


0.000031 


aayal Henley Drive Sewer Outfall 


2,371 - 4 


703 - 3 


0.000020 


8.58 


19.7 


8.39 


0.0000047 


MartifKiale Pond-Centre 


2,214 - 7 


14-6 


200 


8.27 


17.4 


7.78 


44 


Corbett Avenue Sewer Outfall 


114-6 


17-5 


0.0017 


7.19 


19.4 


7.89 


0.000019 


IVfelve Mile Creek - Lake{X>rt Road 


3,467 - 10 


24-5 


200 


7.91 


19.5 


8.15 


69 


Port Dalhousie STP 


47 - 16 


22-9 


0.35 


4.79 


20.7 


7.00 


0.0016 


McKenzie Drain Morth 


5,730 - 7 


230 - 3 


0.0027 


6.36 


18.1 


7.84 


0.0015 


rt^anzie Drain West 


4,074 - 7 


393 - 3 


0.00030 


6.84 


18.9 


7.59 


0.00012 


TVelve Mile Creek Mouth 


1,014 - 4 


18-4 


200 


7.71 


20.1 


7.82 


20 


Welland Ship Canal - Lakeshore Road 


17-4 


10-1 


- 


8.63 


21.2 


8.03 


— ' 


Port Welier OTP 


4,206 - 17 


135 - 9 


0.33 


4.30 


19.3 


7.17 


0.014 


Welland Ship Canal ~H3uth 


40-6 


10-4 


- 


8.33 


19.8 


8.27 


"■ 


Lakeside Park headx 


134 - 2 


14-2 


- 


- 


17.0 


— 


" 


Michigan QeacJi 


214 - 2 


14-2 


- 


- 


17.0 


— 


" 


Garden City Beach 


1,517 - 2 


45-2 


- 


- 


17.0 


- 


- 


Municipal Beach 


509-2 


45-2 


- 


- 


17.0 


- 


- 


Jones Beach 


20-2 


32-2 






17.0 







00 

I 
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TPBLB 4 .2 
ST. CATHARINES OT-BEAOES SURVEY STATISTICS SUTt^RY. JULY 9-11, 1984 



Station Description 



Fecal Coliform Organisms/100 ml 
Mininum Maxinum Median 



Old Wellarri Canal-Intake 

Ontario Paper Final Effluent 

Domtar Construction Final Effluent 

Fraser Inc. 

Old VJelland Canal-John Street 

Kirriberly Clark Inc. 

Old We 11 and Canal -Ball Avenue 

Domtar Fine Paper Inc. 

Hayes Dana Inc. 

Old Wei land Canal-Disher St. 

Dick's Creek 

Old Wei land Canal-Westchester Avenue 

Carter Creek 

St. Catharines Hospital Sewer Cbtfall 

Centennial Park-7S" Sewer CXitfall 

Old Wei land Canal-Tricel 1 Intake 

Old Wellard Canal-Tricell Outlet 

Beaverwood Fiber Clarifier Effluent 

Beaverwood Fiber Spill Pond Effluent 

Gibson Lake at Etecew Road 

TWelve Mile Creek-First Street 

Twelve Mile Creek-Glenda le Avnue 

TAfelve Mile Creek-Fourth Avenue 

Wellandvale Avenue Sewer Outfall 

Kensington Place Sewer Outfall 

General Tbtors Cooling Water Effluent 

General Motors Relief Sewer 

Manchester Avenue Sewer QjtfaU 

Scott Street Sewer Outfall 

Twelve Mile Creek-QEVJ Bridge 

Richardson Creek 

Royal Henley Drive Sewer Qjtfall 

Martindale Pond-Centre 

Corbet t Avenue Sewer Qjtfall 

Twelve Mile Creek-Lakeport Road 

Port Dalhousie STP 

McKenzie Drain North 

McKenzie Drain Vfest 

Twelve Mile Creek-^buth 

Wei land Ship Canal -Lake shore Road 

Port Weller STP 

Wei land Ship Canal-Mouth 

Lakeside Park Beach 

Michigan Beach 

Garden City Beach 

Municipal Beach 

Jones Beach 



10 




430 


50 


4.200 




270.000 


80.000 


100,000 


23 


000,000 


11,450,000 


20 




10,000 


300 


10,000 


1 


116,000 


240,000 


20 




100 


100 


1.000 


1 


000.000 


130,000 


60 




1.400 


100 


120 




3,000 


390 


8.000 


1 


,300,000 


300.000 


600 




2,400 


1.240 


80.000 


16 


,000,000 


580,000 


1.000 




20,000 


6,800 


10 




860 


20 


1,190,000 


46 


,000,000 


5,000,000 


30.000 


7 


,000,000 


410,000 


20,000 


2 


.400,000 


365,000 


40 




1,000 


100 


1,000 




7,500 


4.500 


10 




40 


20 


160 




400 


320 


10 




100 


30 


300 




33,000 


7.300 


580 




6,000 


1,250 


20 




200 


65 


10 




80 


45 


40 




1,600 


120 


15,000 




56,000 


25,000 


2.680 




50,000 


11.000 


1,200 




15,000 


3.300 


100 




340 


240 


660 




14.700 


1,810 


100 




15,000 


2.200 


10 




590 


135 


200 




24,000 


8.600 


10 




1,600 


60 


1,480 




36.000 


4,300 


690 




14.000 


5.800 


100 




6,600 


1.400 


10 




20 


20 


90 




111.000 


15.000 


20 




100 


45 


100 




180 


140 


20 




2.300 


1.160 


100 




23.000 


11.550 


370 




700 


535 


20 




20 


20 
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No significant fluctuations were observed for dissolved 
oxygen , temperature or pH except for the normal diurnal 
changes . Pulp and paper mi 1 1 effluent generally had lower 
dissolved oxygen and higher temperatures than storm sewer 
outfalls, creeks, the Old Welland Canal and Twelve Mile 
Creek. 

The geometric mean of bacterial level s in the Old We 11 and 
Canal at the Tricell Outlet was 262,770 org/100 ml for fecal 
coliforms. The sources with loadings high enough to cause 
these levels were Centennial Park sewer outfall, Ontario 
Paper and Domtar Construction. 

Five paper companies discharge to the Old Welland Canal. 
Two of those, the Ontario Paper Company and Domtar 
Construction, had the second and the third highest bacterial 
1-evels and loads of all bacterial sources measured 
(Centennial Park sewer was the largest). The Pseudomonas 
aeruginosa levels were also high, in excess of 100 org./lOO 
ml . 

Pseudomonas aerugi nosa analyses provided by the laboratory 
were generally approximations of magnitude and should be 
viewed as such rather than as firm numbers . However , the 
presence of this organism in any number is important as it 
is i tsel f a pathogen and not just an indica tor organism 
(Table 4.1) . 

The three remaining paper mills that discharge to the Old 
Welland Canal are Fraser. Kimberly Clark and Domtar Fine 
Papers . Fee a 1 col i form geometric means for these pi ant 
effluents were 316, 58 and 192 org./lOO ml with Pseudomonas 
ae rug i nos a levels of 34, 27 and 70 org./lOO ml 
respec t i ve ly . 
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Discharges from Be aver wood Fiber to Lake Gibson come from 
two sources , the clarifier and the spi 1 1 pond ef f luen t . The 
clarifier effluent had levels of 139 and 53 org./lOO ml of 
fecal col i forms and Pseudomonas aeruginosa respectively. 
However, the spill pond effluent contained 3,956 fecal 
coliform org./lOO ml and 125 org./lOO ml Pseudomonas 
aeruginosa . The flow from this source is small and is 
likely to have little impact on Lake Gibson and negl igible 
imp act on the beaches because of the large dilution. 

In addition to the pulp and paper effluents, two other 
industrial effluents were sampled. Yard drainage from the 
Hayes-Dana plant showed fecal coliform levels of 497 
org./lOO ml and Pseudomonas aeruginosa levels of 115 org./ 
100 ml . 

The other industrial source is the General Motors plant 
which discharges to Twelve Mile Creek. This discharge is 
pr imar i ly made up of cooling water, part of which is 
discharged to the Kensington PI ace sewer . The remainder is 
discharged direct ly to Twelve Mi le Creek. Feca 1 co 1 i form 
levels of 68 org./lOO ml were found to be within acceptable 
limits, while Pseudomonas aeruginosa was 25 org./lOO ml. 

All 16 problem areas identified in Table 3.1 were re-visited 
and examined for discharge . Four storm sewer outfalls were 
found to be still active and were sampled during this 
survey. It was found that only two of the overflows were 
seriously contaminated , the 78 " Centennial Park sewer and 
Wellandvale combined sewer discharge. 

The Centennial Park sewer had the highest loads during the 
study even though its average discharge was only 0.023 m-^/s 
(0.81 cf s) . Geometric mean level s of fecal co 1 i forms and 
Pseudomonas aeruginosa were approximately 6,000,000 and 
11,000 org./lOO ml respectively. These were the highest 
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found anywhere during the survey and represent a significant 
source of contamination. The Wellandvale sewer showed a 
much lower level of fecal coliforms at 1.624 org./lOO ml. 
The Corbett Avenue and the St. Catharines Hospital sewer 
out f al Is showed lower levels of fecal col i form (FC) and 
Pseudomonas aeruginosa (PsA) . 

Three additional sewers were found to be discharging to 
Twelve Mile Creek. All three showed elevated bacterial 
levels. The Royal Henley Blvd. (2,371 org./lOO ml FC, 703 
org. /1 00 ml PsA) and Scott Street (10.612 org./lOO ml FC. 
818 org./lOO ml PsA) storm sewers had very low flows and did 
not impact greatly on the creek. The Manchester Avenue 
storm sewer (23.599 org./lOO ml FC. 73 org./lOO ml PsA) had 
a much larger discharge. 0.014 m^/s (0.5 cfs) representing a 
more significant load. 

Four small streams . McKenzie drain. Dick' s Creek. Carter 
Creek and Richardson's Creek flow into Twelve ^!ile Creek nr 
the Old Welland Canal. Richardson's Creek (206 org./lOO ml 
FC, 13 org./lOO ml PsA) contained only low levels of 
bacteria likely resulting from rural land runoff. The three 
remaining creeks including both branches of McKenzie drain 
showed elevated bacterial levels indicating fecal 
contamination. However, these creeks had small flows and 
thus had a sma 1 1 impact on the system. 

The Port Dalhousie Sewage Treatment Plant effluent had very 
good bacterial quality during this study (47 org./lOO ml FC, 
22 org./lOO ml PsA). Alt hough its effluent flow averaged 
30,000 m^/d during the study, it had little impact on Twelve 
Mile Creek. The Port Weller Sewage Treatment Plant effluent 
discharged higher levels of bacteria. Geometric means of 
samples taken were 4.206 fecal coliform and 135 Pseudomonas 
aeruginosa org. /1 ml. Fecal coliform levels were measured 
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as high as 111,000 org./lOO ml . The We 11 and Ship Canal 
mouth which receives this effluent indicated very little 
impact (40 org./lOO ml FC) due to the high dilution flows 
(36 to 45 cms] . 

4.1.2 August 28 - 30, 1984 Survey 

The main purpose of this survey was to evaluate the impact 
of a rainfall event with regard to fecal coliforms in the 
Twelve Mile Creek system (wet weather survey). The survey 
was timed to coincide with predicted summer storms. The 
number of stations sampled during this survey were reduced 
to allow concentrated sampling of the catchments in St. 
Catharines. The data collected during August 28 to 30 are 
summarized in Tables 4.3 and 4.4. The survey failed in its 
ma in task because the storm commenced during the last 1 1/2 
hours of the survey which prevented adequate sampling. The 
rainfall intensity caused three flow measuring installations 
to be knocked out, resulting in loss of flow data. 

Although the impact of the storm could not be properly 
quantified, the 13 mm of rain that fell, mostly in about 1/2 
hour, caused dramatic flow increases in the small streams 
that act as storm channels. Also, most sewer outfalls were 
observed to be running nearly full. Storm inflows to both 
the Port Wei ler and Port Da Ihous ie sewage treatment pi ants 
caused significant increases for short periods. 

The fecal coliform levels at all instream stations during 
the dry weather portion of the survey were lower than those 
observed in the July survey except in Twelve Tlile Creek at 
Glendale Avenue and Twe 1 ve Mi le Creek at its mouth (Figures 
4 . 2 and 4.3). These lower levels correspond to substantial 
decreases in bacterial discharges measured at Ontario Paper 
and Centennial Park outfalls. 



TABLE 4.3 
ST. OVmARINES OFF-BEAQES SURVEy DftTA StmARif 
AUGUST 28 - 30, 1984 



Station Description 



Old ItellawJ Canal-Intake 

Ontario Paper Final Effluent 

Old Wellarti Canal^ohn Street 

Old Wetland Canalltestcheatar Avenue 

Carter Creek 

St. Catharines Itospital Setrfer CXitfall 

Centennial Park-78" Sewer Outfall 

Old Hellarri Canal-Tricell Outlet 

Twelve Mile Creek " Glendale Av«iue 

Twelve Mile Creek-Fourth Avaiue 

Wellandvale Sewer Outfall 

Manchester Avenue Sewer Outfall 

Scott Street Sewer CXjtfall 

Twelve Mile Creek ~ OB* Bridge 

Itoyal fienley Drive Sewer Outfall 

Twelve Mile Creek - L^keport Road 

Port Dalhouaie STP 

McKenzie Drain North 

TVelve Mile Creek-Mouth 

Hellani Ship Canal -Lakesliore Foad 

Port Heller STP 

HellarKi Ship Canal-Mouth 

Lakeside Park Beacl^i 

Midiigan Beach 

Garden City Beach 

Municipal Beacii 

Jones Beach 



Oecmetric Mean 



Organisms/ 100 ml 
Fecal Coliforma Klebsiella 
# of # of 

Sanpies Samples 



36 

11,920 

10,096 

5,316 

15,544 

1,800 

375,538 

11,698 

306 

1,216 

9,457 

9,830 

39,000 

2,166 

3,103 

980 

109 

3,442 

3,513 

92 

20,028 

32 

70 

1,340 

1,040 

3,900 

20 



3 

a 

7 

7 

15 

1 

14 

10 

2 

6 

10 

6 

1 

6 

10 

5 

11 

13 

6 

3 

13 

7 

1 

1 

1 

1 

1 



283-2 
50,575 - 5 
94,211 - 6 



3,916,663 - 10 
1,080,000 - 6 



27,023 - 3 



4,800 - 1 

60 - 1 



Bstunated 
Plow rn^/a 



1.4 

1.6 

3.0 

3.6 

0.099 

0.0020 

0.052 

3.7 

190 

190 

0.0010 

0.014 

0.0010 

190 

0.00010 

190 

0.35 

0.0040 

190 

0.33 



Arithmetic Mean 



Dissolved 

Oxygen 

mg/1 



8.02 
5.90 
6.21 
6.98 
7.61 

4.67 
5.01 
8.40 
8.54 
8.55 
7.40 

8.26 
8.17 
5.32 
4.64 
8.82 
8.28 
8.90 
4.40 
8.15 



Tenf^erature 

•c 



22.4 
30.6 
27.5 
27.9 
21.9 

28.1 
26.1 
22.5 
23.2 
19.9 
24.9 

22.5 
20.3 
24.1 
23.9 
22.2 
24.2 
22.5 
23.0 
24.7 
24.0 
24.0 
24.0 
24.0 
24.0 



Units 



8.69 
7.27 
7.64 
8.37 
8.17 

7.63 
7.88 
8.40 
8.32 
7.96 
8.07 

8.20 
7.93 
8.47 
7.10 
7.76 
8.00 
8.18 
7.24 
7.90 



Load 
oiganisms/aec 
X 108 
Fecal Kl^Miella 



0.0050 

19 

3.0 

1.9 

0.15 

0.0036 

2,0 

4.3 

5.8 

23 

0.00095 

0.014 

0.0039 

41 

0.0000031 

19 

0.0038 

0.0014 

67 

0.66 



0.040 
81 
28 



20 
400 






510 



TABLE 4.4 
ST. CATHARINES OFF-BEACHES SURVEY STATISTICS SU^f'^ARY, AUGUST 28 - 30, 1984 



Station Description 



Minimum 



Fecal Coliform Organisms/100 ml 
Maximum 



Median 



Old V/ellarvi Canal-Intake 

Ontario Paper Final Effluent 

Old Wellarvl Canal^Tohn Street 

Old Wei land Canal -Westchester Avenue 

Ccurter Creek 

St. Catharines Ifospital Sewer Outafll 

Centennial Park-78" Sewer Outfall 

Old Welland Canal-Tricell Outlet 

Twelve Mile Creek-Glendale Avenue 

Twelve Mile Creek-Fourth Avenue 

Wellandvale Sewer Outfall 

Manchester Avenue Sewer Outfall 

Scott Street Sewer Outfall 

Twelve Mile Creek-QEV^ Bridge 

Royal Henley Drive Sewer Outfall 

Twelve Mile Creek-Lakeport Road 

Port DalVousie ffTP 

McKenzie Drain Nortli 

We I lard Ship Canal -Lake shore Road 

Port Weller SVP 

Twelve Mile Creek-Mouth 

Wellara! Ship Canal-Mouth 

Lakeside Park Beach 

Michigan Beach 

Garden City Beach 

Mun ic ipa 1 Beach 

Jones Beach 



10 

1,000 

100 

400 

1,600 

1,800 

500 

1,000 

80 

300 

170 

2,800 

39,000 

300 

900 

100 

10 

100 

20 

100 

1,000 

10 

70 

1,340 

1,040 

3,900 

20 



160 

230,000 

120,000 

10,000 

67,000 

1,800 

150 X 10^ 

200,000 

1,120 

15,000 

200,000 

47,000 

39,000 

30,000 

14,000 

7,900 

295,000 

18,000 

240 

220,000 

15,000 

440 

70 

1,340 

1,040 

3,900 

20 



30 






11,550 






10,000 






10,000 






15,000 






1,800 


*only one valve 




535,000 






10,000 






625 


only two valves 




900 






7,950 






10,900 






39,000 


one valve 




2,250 






3,150 




' 


1,700 




K) 


20 




tn 


5,100 
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Figure 4 . 2: B a c t e r i a I Levels in Old Welland Canal - 1984 



- 27 - 



1 0,0 Oi 



6.0 



1.0 



600 



O 
O 



CO 

E 
n 

c 

CB 

a 



1 00 



so- 



Fecal CoKforr 
•auq. 28-30/8' 



Fecal Conform 
July 9-11/84 




I ¥ 



1 2 "3 I S S T 

Distance from Glendale Avenue (km.) 



To 



Figure 4.3: Bacterial Levels in Twelve Mile Creek - 1984 



- 28 - 

Samples from several stations were analyzed for Klebsie 1 la 
sp . during this study. The observed levels of these 
organisms were higher than the corresponding fecal coliform 
concentrations (Figure 4.2). Although Klebsiel la is part of 
the fecal coliform group , its levels may be higher due to 
the difference in test procedures and its association with 
pulp and paper wastes. The test for Klebsiel la is carried 
out at a much lower incubation temperature which is far more 
favourable for its growth than is the fecal coliform test. 
The individual strains were not ident i f ied and the hea 1 th 
significance of the observed organisms is not known. These 
resul ts did show, however, that the Old Wei land Canal is a 
favourable habitat for Klebsiel la sp . and this organism 
likely comprises a considerable port ion of the bacterial 
colonies found in the fecal coliform tests from the samples 
collected during this study, especially from the Old Welland 
Cana 1 . 

4.1.3 August 12 - 15. 1985 Survey 

The August 12 - 15, 1985 survey was designed to identify 
which effluents have the most imp act on bacterial 
contamination of the Old Welland Canal and Twelve Mile 
Creek. Samples along the Old Wei land Canal were taken at 
points of discharge of five effluents and at six instream 
Stat ions . In Twelve Mi le Creek six instream stat ions and 
four effluents were sampled, inc luding the Port Dalhousie 
sewage treatment plant effluent. The Welland Ship Canal at 
Lake shore Road and the effluent of the Port Wei ler sewage 
treatment plant were also sampled. Each of the five beaches 
were sampled near shore at a 1 metre depth and by boat 150 m 
offshore . Water samples for bacterial ana lysis, water 
temperature, pH and dissolved oxygen readings were taken at 
each station. 

The results shown in Tables 4.5 and 4.6 are for dry weather 
conditions which prevailed during the first three sampling 
days. In the early morning of August 15, a storm front 



TABl£ 4.5 



ST. CA'niMUMES OFF-BEftOJES SURVEY DftTA SUmM=Df 
AUGUST 12 - 15, 1985 





Geanetric Mean 




Aritlmietic Mean 






Station DoscrLption 


Organians/lOO ml 

Fecal t of 

Coll forma Samples 


Estiinated 
Flow m^/a 


Dissolved 
Oxygen 

mg/1 


Temperature 

•c 


pH 

Units 


Fecal Cblifortn Ixiad 
organisma/aec 
X 109 


Old Wetland Canal - Intake 

Ontiirio Paper Final Effluent 

Old Welland Canal-Dock (toad 

Dontar Ooiistruction Final Effluent 

Old Hellairf Canal Be.^ver Dams Park 

Old Wellarti Canal-John Street 

Dick's Creek 

Old Wellarti Canal-lfestchester Avenue 

Carter Creek 

Centennial ParK-78" Sewer Outfall 

Old WellaiKl Canal-Tricell Outlet 

TVelve Wile Creek-Glendale Avenue 

Twelve Mile Creek-Fourth Avenue 

Kenaington Aveniie SoutJi 

Manchester Avenue South 

Twelve Mile Cretdt-QQ^ 

Martindale PoikI -Centre 

Twelve Wile Creek-Lakepart Road 

Port Dalliouaie 379 

McKenzie Drain Nortli 

Twelve Wile Creek -Mouth 

Wei land Ship Canal -Lakeshore Road 

Port We Her 3TP 

ltellar»j Ship Caival- Mouth 


1,409 - 14 

234,095 - 17 

371,306 - 13 

22.254 - 15 

542,143 - 14 

1,366,600 - 15 

1,276 - 6 
1,595,873 - 15 
2,504,126 - 8 
1.223 - 6 
2,355,745 - 15 
1,014 - 15 
26,297 - 15 
9,995 - 9 
25,179 - 9 
40,561 - 9 
40,332 - 9 
50,151 - 15 
115 - 8 
344-7 
32,844 - 7 
30-9 
12,480 - a 
42-0 


1.4 
1.4 

2.9 

0.0080 

2.9 

3.2 

0.073 

3.6 

0.068 

0.0080 

3.7 

180 

180 
0.030 
0.010 

180 

ISO 

180 

0.35 

0.0040 

180 

0.33 


8.4 
5.1 
6.5 
4.8 
5.9 
7.0 
6.5 
6.5 
7.9 
6.7 
5.2 
8.8 
8.6 
7.4 
7.5 
9.0 
8.0 
8.3 
5.7 
11.3 

9.7 
4.5 


23.6 
32.4 
28.8 
34.1 
27.9 
20.4 
24.3 
26.6 
24.2 
30.2 
27.6 
23.3 
23.4 
31.5 
30.9 
23.7 
24.0 
23.2 
23.0 
25.9 

22.8 
21.9 


8.0 
6.5 
6.9 
7.4 
7.2 
7.3 
7.7 
7.4 
7.8 
8-0 
7.3 
8.1 
0.0 
8.3 
0.4 
8.4 
8.4 

a.o 

7.1 
0.0 

8.2 
7.0 


0.21 

33 

110 

0.010 

160 

440 

0.0093 

570 

22 

0.00098 

870 

10 

470 

0.030 

0.025 

730 

730 

900 

0.0040 

0.00014 

590 

0.41 
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ST. OmaRIMES OFF-BEAQffiS SUBVEY DftTA SUWftfPf 
AUGUST 12 - 15, 1985 



Station OascripCion 



Lakeside Park Beach 
Michigan Beach 
Garden City Beach 
Municipal Beach 
Jones Beach 

Lakeside Park Beach-I^ake 
Michigan Beach-Lake 
Garden City Beach-LiEUte 
Monicipal Beach-Lake 
Jon^ Beach-Lake 



Gecnietric Mean 



Organians/lOO ml 
Fecal # of 

Ool i f onn Samples 



553 - 9 

4,248 - 7 

500-9 

181 - a 

243 - 9 

99-7 

2,799-4 

639 - a 

379 - 7 

49-8 



AriOrwnetic Mean 



Estiijnated 
Flow nP/a 



Dissolved 
Oxygwi 

nq/1 



10.5 
9.5 

9.7 

10.1 

7.2 



Tteiperature 
•C 



22.2 

21.7 
21.7 
21.1 
21.6 



Units 



8.1 
8.1 

8.1 
8.2 
7.9 



Fecal OoLlform Load 
organisma/aac 
X 108 



o 
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X^LE 4.6 



ST. CATTW^INES CFF-BEACHES SIFVEY STATigTICS SllfaRY, ALTX'ST 12-15. 1985 



Station Description 



Fecal Colifonn OrRanisms/lOO ml 
Minimum Maximum Median 



Old Welland Canal-Intake 
Ontario Paper Final Effluent 
Old Welland Canal-Dock Road 
Domtar Construction Final Effluent 
Old Wellarxi Canal Beaver Dams Park 
Old Welland Canal-John Street 
Dick's Creek 
Old Welland Canal-Westchester Avenue 

Carter Creek 

Centennial Park-78"Sewer Outfall 

Old Welland Canal-Tricell Outlet 

Twelve Mile Creek-Glendale Avenue 

Twelve Mile Creek-Fourth Avenue 

Kensington Avenue South 

Manchester Avenue South 

Twelve Mile Creek-QEW Bridge 

?^-artindale Pond-Centre 

Twelve Mile Creek-Lakeport Road 

Port Dalhousie STP 

McKenzie Drain North 

Twelve Mile Creek-M^uth 

Welland Ship Canal -Lake shore Road 

Port Weller STP 

Welland Ship Canal -Mouth 

Lakeside Park Beach 

Michigan Beach 

Jones Beach 

Garden Ci ty Beach 

Minicipal Beach 

Lakeside Park Beach-Lake 

Michigan Beach-Lake 

Garden City Beach-Lake 

Minicipal Peach-Lake 

Jones Beach-Lake 



120 


6.000 


1,350 


20,000 


1.540,000 


270,000 


10,000 


2.000,000 


320.000 


1,000 


4,000,000 


14,000 


800 


4.000,000 


820.000 


10,000 


6,300,000 


1.600,000 


640 


34,000 


1,500 


110,000 


4.000.000 


1,550.000 


2,000 


360,000,000 


2,650,000 


78 . 


460,000 


10.400 


150,000 


6,000,000 


2,400,000 


24 


6,900 


1.100 


1.500 


93,000 


32,000 


2.000 


43,000 


10,000 


4,200 


340,000 


30,000 


7,000 


81,000 


48,000 


6,600 


770,000 


53,000 


3,000 


1.000.000 


43,000 


2 


280,000 


136 


70 


23,000 


700 


6,000 


76.000 


43,000 


8 


no 


32 


2 


1,200.000 


215,000 


12 


410 


41 


22 


13,000 


760 


470 


30,000 


3,400 


40 


720 


300 


12 


130,000 


52 


12 


20,000 


45 


2 


9,800 


260 


480 


9,800 


5,100 


12 


11.400 


1,750 


10 


15,000 


500 


18 


150 


4d 
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passed over St. Catharines, resulting in four hours of rain. 
The geometric mean of bacterial concentrations from samples 
during this rain event are reported in Table 4.7 . 

Results presented in Table 4.5 show that high water 
temperatures and low dissolved oxygen values were recorded 
at stations along the Old Welland Canal. The origin of 
these values may be traced to two point sources , Ontario 
Paper and Domtar Construction final effluents. The 78" 
Centennial Park sewer also showed elevated water 
temperature, but the dry weather outflow from this source 
was negl igible , i.e. not having any effect on the canal 
water temperature. 

Levels of fecal col if orm bacteria were highest at stat ions 
along the Old Wei land Canal . Considering a background 
geometric mean of 1489 org./lOO ml at the canal intake, the 
downstream levels point to the major sources of contaminants 
being Ontario Paper final effluent wi th geometric mean 
concentrations of 234.095 org./lOO ml and Carter Creek with 
2.504,126 org./lOO ml. These results plotted in Figure 4.4 
show the impact of Ontario Paper and Carter Creek on 
concentrations of fecal coliforms. 

Results of fecal coliform levels in Twelve Mile Creek show 
relatively high concentrations of bacteria for all stations 
sampled (Table 4.5 and 4.6). Background values at Glendale 
Avenue were unexpectedly high , ranging between 24 and 6,900 
org./lOO ml (geometric mean 1,014 org./lOO ml). This 
Indicates that some unknown inputs exis t and need to be 
identified along the upper reaches of Twelve Mile Creek or 
in the VJelland Ship Canal. As shown in Figure 4.5, fecal 
col i form concent rat ions downstream from Glendale increase 
rapidly up to a geometric mean of 26,297 org./lOO ml at 
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TABLE 4.7 



ST. CXr?IARINES OFF-BEAOJES SllWEY DPJA SUT1ARY, AUCUgT 15, 1985 

(V-ET WEATHER) 



Station Description Geometric Mean 

Qrganisms/100 ml 
Fecal 

Old Welland Canal-Intake 600 

Oitario Paper Final Effluent 

Old Welland Canal-Dock Road 

Domtar Construction Final Effluent 

Old Welland Canal Beaver Dams Park 

Old Welland Canal-John Street 

Dick's Creek 

Old Welland Canal-Westchester Avenue 

Carter Creek 

Centennial Park-78"Sewer Outfall 

Old Welland Canal-TriceU Outlet 

Twelve Mile Creek-Glendale Avenue 

T\velve Mile Creek-Fourth Avenue 

Kensington Avenue South 

Manchester Avenue South 

Twelve Mile Creek-OEW Bridge 

Martindale Pond-Centre 

Twelve Mile Creek-Lakeport Road 16.000 

Port Dalhousie STP 280,000 

McKenzie Drain ftorth 1R.290 

TWelve Mile Creek-Mouth 36,000 

Welland Ship Canal -Lake shore Road 44 

Port Weller STP 310.000 

Welland Ship Canal -^buth 50 

Lakeside Park Beach 40 

Michigan Beach 3,100 

Garden Citv Beach 24.000 

Municipal Beach 20,000 

Jones Beach 400 

Lakeside Park Beach-Lake "50 

Michigan Beach-Lake 8,700 

Garden City Beach-Lake 2.000 

Minicipal Beach-Lake 11.000 

Jones Beach-Lake 40 
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Figure 4.5: Bacteria'l Levels in Twelve Mile Creek - 1985 
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Fourth Avenue . The only major known input into the Creek 
between these two points is the Old We 11 and Canal which , as 
shown at the TriceU Outlet contributes 2,355,745 org./lOO 
ml {range 150,000 to 6,000,000 org./lOO ml, Table 4.6). The 
remaining four sources of inputs identified in early surveys 
in the remaining 8 km segment of Twel ve Mile Creek 
contribute relatively little to instream bacterial loads. 
In total . these inputs into Twelve Mi le Creek elevate the 
bacterial concent rat ion to nearly 33. 000 org./lOO ml as 
measured at the mouth. 

It is significant to note that the Port Dalhousie sewage 
treatment plant ef fluent contributes only a smal 1 input into 
Twelve Mi le Creek (geometric mean 115 org./lOO ml) and 
therefore would have relatively little imp act on the 
bacterial load to the beaches. By contrast, Port Weller 
sewage treatment plant contributes approximately 12,488 
org. /too ml to the WeUand Ship Canal; but due to the large 
dilution factor of canal water, its impact on the receiving 
watercourse, as measured at the Welland Ship Canal mouth (42 
org./lOO ml. Table 4.5). is relatively negligible. 

4.1.4 September 22 - 25, 1985 Survey 

The less intense survey of September 22 - 25, 1985 was 
designed to determine levels of E, coll using rrfTEC-IG, fecal 
conforms using mTEC and Klebsiel la using mK laboratory 
analysis growth mediums. Six stations were selected along 
the Old Welland Canal (three instream stations and three 
effluents) and three instream stations along Twelve Mile 
Creek. In addi t ion, each of the five S t . Catharines beaches 
were sampled at a 1 metre depth from shore. Water samples 
for bacteriological analysis, temperature, pH and dissolved 
oxygen were taken under dry weather conditions at each 
station at four hour intervals. 
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The bacterial re suits are summarized In Tables 4.8, 4.9. and 
4.10. The relatively high water temperature of nearly 25°C 
in the Old Welland Canal (First Fa II and Tricell Outlet 
stations) may be attributed to the elevated water 
temperatures from Ontario Paper and Domtar Construe t ion 
effluents; these also had the lowest dissolved oxygen 
values. By contrast, the three instream stations in Twelve 
Mile Creek showed water temperatures nearly 4°C lower than 
the Old Welland Canal and higher dissolved oxygen values. 

The fecal coliform concentrations in the instream stations 
of the Old Wei land Canal increased . Level s increased from 
a geometric mean low of 453 fecal col i forms /lO ml as 
background value at the Intake station to nearly 700,000 
org./lOO ml at John Street and about 200,000 org./lOO ml at 
the Tricell Outlet. Domtar Construction final effluent 
contributed the highest level with a geometric mean nf 
56,740.419 org./lOO ml. Carter Creek also contributed to 
high fee a 1 col i form values to the Cana 1 , but its volume of 
water output was significantly lower than Ontario Paper. 
The bacterial load into Twelve Mile Creek from the Old 
Welland Canal increased the fecal coliform level from a 
background geometric mean of 354 org./lOO ml at Glendale to 
approximately 5,000 org./lOO ml downstream from the 
confluence with the canal. 

Two major species of bacteria were identified in the fecal 
col i form group. Klebsiel la sp . cnns i s tent ly comprised the 
larger proportion compared with E, co 1 i in both the Old 
Wei land Canal ef fluent and instream stations and in Twelve 
Mile Creek. The relative proportions of these groups of 
bacteria in these two streams are plotted in Figures 4.4 and 
4.5. The high levels of Klebsi el la sp . are indicative of 
pulp and paper wastes in the canal and creek. It is worth 
noting that the highest geometric mean value of Klebsi el I a 



TABLE 4.8 



ST. CKtWARlNES CtfT-BEAOffiS 



stp-iTMaat 22 - 



Station Description 



Old UeLlaid Canal-IntAka 

Ontario Paper Final Effluent 

Dantar Constrriction Pinal Effluent 

Old Welland Canal - Jcshn Street 

Carter Creek 

Old Wellanl Canal-TriceLl Outlet 

Twelve Mile Creek-Clendale Ave. 

Twelve Mile Creek-Ftiurth Ave. 

Twelve Mile Creek-I^keport Etoad 

Lakeside Park Beach 

Michigan B«acii 

Gardoi City Beach 

Municipal BeacA 

Jones Beach 

•itfrac^Q/MF procedure used 



SURVEY DATA SUWARY 
25, 1^5 



Geonetrlc Mean 
Oarganians/lOO ml 
Facal E. coli 


Kl^seiella 


Percentage 
E.coii/Fecal 


Arithmetic Mean 
Estimated Dissolved l^enip 
flow Oxygen C 
m^/s mg/l 




irfTBC-IG 


MUG 


MUG 


453-14 


23-14 


12-5 


155-14 


2.6 


1.4 


9.8 


20.6 


234,241-15 


13,449-14 


2,865-6 


170,93>-14 


1.2 


1.5 


6.3 


31.1 


56,740,419-15 


899,840-15 


9,207-6 


3,388,729-15 


0.016 


0.0080 


4.9 


35.5 


699,706-15 


9,355-15 


2,981-3 


347, 147-15 


0.4 


3.2 


8.5 


24.7 


650,716-15 


253,640-15 


163,261-3 


143.318-15 


25 


0.089 


9.5 


19.4 


200,314-15 


3.822-15 


1,558-3 


78,034-15 


0.78 


3.5 


6.6 


24.9 


354-15 


42-15 


70-3 


165-15 


20 


180 


10.2 


20.2 


5,002-15 


144-15 


41-3 


3,071-15 


3.0 


180 


10. 1 


20.4 


4,046-15 


99-15 


230-3 


3,004-15 


5.7 


180 


10.2 


20.3 


225-4 


22-4 


- 


222-4 


9.8* 


- 


10.3 


19.6 


789-4 


37-4 


- 


1,151-4 


4.7* 


- 


10.2 


20.4 


157-2 


110-2 


- 


130-2 


71* 


- 


9.7 


24.0 


56-2 


23-2 


- 


130-2 


41* 


- 


9.9 


22.5 


32-2 


20-2 


- 


14-2 


63* 


- 


9.4 


22.5 



PH 
Units 



0.0 
6.8 
7.2 
7.1 
7.7 
6.3 
7.5 
7.5 
8.2 
0.4 
8.3 
8.5 
8.5 
7.9 



00 



TABLE 4.9 

ST. CATHARINES OFF-BEACHES SURVEY LOADS 

SEPTEMBER 22 - 25, 1985 



Station Description 

Old Welland Canal-Intake 

Ontario Paper Final Effluent 

Domtar Construction Final Effluent 

Old VJelland Canal - John Street 

Carter Creek 

Old V/elland Canal-Tricell Outlet 

Twelve Mile Creek-Glendale Ave. 

Twelve Mile Creek-Fourth Ave. 

Twelve Mi le Creek-Lakeport Road 

Lakeside Park Beach 

Michigan Beach 

Garden City Beach 

Municipal Beach 

Jones Beach 



Fecal 



0.063 


3§ 


45 


22 


5.8 


70 


6.4 


90 


71 



Load 

Organ isms/ sec x 10^ 

E. Coli 
0.0017 
0.43 
0.0074 



1.5 

0.54 
1.3 
0.74 
4.1 



Klebsiella 

0.022 

26 
2.7 

1.3 
27 
30 
55 
34 



U3 



TAai^4.10 
ST. CATOARQiBS OFP-BEfiiSaS SOBUEf STATISTICS SMViid, 



ISMlve Mile Cre^ - Glendala 
Ave 

Twelve Hile Cre^-Fcxurth Ave. 

Twelve Hile Cre^-Lakaport Rd. 

Lakaaide Park Beach 

Hidii9an Beach 

Garden City BoacJi 

Municipal Beach 

Jones Beach 



SEPTHftER 22 - 25, 1985 



Station Description 


Hln. 


Max 


Old Vtolland Canal-Intake 


4 


100 


Ontario Paper Final Effluent 


1,000 


100,000 


Dcmtar Construction Final 
Effluent 


9,200 


10,000,000 


Old Wallfuid Canal-John St. 


100 


100,000 


Ceuter CreA 


43.000 


560,000 


Old Welland Canal-Trlceli 
Outlet 


700 


100,000 



5 


560 


10 


700 


20 


200 


10 


30 


20 


100 


4 


3,000 


10 


54 


12 


32 



Median 


Min " 


Ftocal Ooliibzra 
Max 


Mndlan 


Klebsiella ep. 
Hin Max. 


Median 


22 


56 


2,400 


450 


12 


650 


215 


11,000 


59,000 


800,000 


240,000 


20,000 


400,000 


240.000 


1,000,000 


1,000,000 


230,000,000 


70,000,000 


100,000 


51,000,000 


6,800,000 


10,000 


130,000 


3,600,000 


610,000 


40,000 


1,100,000 


470,000 


200,000 


270,000 


2,700,000 


540,000 


10,000 


400,000 


180.000 


2,400 


67,000 


480,000 


240,000 


1,000 


260,000 


110,000 


45 


30 


2.400 


320 


10 


1,300 


lao 


200 


1.600 


14,000 


5,100 


1,300 


5,300 


3,000 


100 


aoo 


10.000 


4,800 


940 


8,100 


3,200 


20 


95 


680 


200 


140 


600 


170 


30 


270 


3,200 


670 


780 


3,000 


070 
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sp . was recorded from Domtar Construction effluent 
(approximately :^. 400, 000 org./lOO ml) a source of paper 
fibre, while the highest mean value of E. co 1 i at 160,000 
org./lOO ml was recorded from Carter Creek which carries a 
higher proportion of sanitary sewage . 



4 .2 Beaches 



Fecal coliform data for the five beaches at St. Catharines 
was available for the summers of 1983 (3) and for the four 
surveys during 19 8 4 and 1985 . A comparat ive analysis of the 
geometric means as shown in Figure 4.B indicate considerable 
variations in fecal coliform concentrations from summer to 
summer as well as within each summer period. In the summer 
of (June - August) 1983 fecal coliform concentrations for 
each of the five beaches were all above the MOE criterion of 
100 org./lOO ml, with a minimum of 150 org./lOO ml found at 
Jones Beach and a maximum of 590 org./lOO ml at Garden City 
Beach (3). 

In the July 9 - 11, 1984 survey a greater variation in 
concentrations was observed, with a minimum of 30 org./lOO 
ml found at Jones Beach and a maximum of 1,517 org./lOO ml 
at Garden City Beach. The concentrations in the other three 
beaches were above the nOE criterion of IflO org./lOO ml. 

In the August 28-30, 1984 survey, fecal coliform levels of 
70 org./lOO ml for Lakeside Park Beach and 20 org./lOO ml 
for Jones Beach were noted. The other three beach areas had 
increased to over 1000 org./lOO ml. The resulting fecal 
coliform concentrations were 1,040 org./lOO ml for Garden 
City Beach, 1,340 org./lGO ml for Michigan Beach and 3,900 
org./lOO ml for Municipal Beach. 
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In the August 12-15. 1985 survey, fecal coliform 
concentrations i-*isplayed the highest levels observed for 
four of the five beaches of the five survey periods. This 
also coincided with the high est values observed with the 
instream survey. The highest concentrations occurred at 
Michigan beach with a geometric mean of 4,248 org./lOO ml. 
The concentrations for the other four beaches ranged from 
181 org./lOO ml to 553 org./lOO ml. In this respect, these 
values were similar to those of the June-Augus t 19 R3 survey 
with the exception of Garden City Beach. 

In the September 22-25, 1985 survey , a decrease in fecal 
coliform concentrations occurred in all five beaches, 
relative to the August 19 85 survey . Both Munic ipa 1 and 
Jones beaches were be low guideline levels, with 56 and 32 
org./lOO ml respectively, while the other three beaches 
remained above 100 org./lOO ml. The highest value of 789 
org./lOO ml was recorded at Michigan Beach, and intermediate 
values of 157 and 225 org./lOO ml were recorded at Garden 
City and Lakeside Park beaches respectively. 

E. coll data were also collected at all five beaches during 
the f ive surveys (Figure 4.7). E, col i concent rat ions 
exceeded the recommended guideline of 23 org./lOO ml 
proposed by the Great Lakes Science Advisory Board of the 
IJC (6). Jones Beach exceeded the proposed guideline in two 
of the five surveys with the remaining beaches exceed ing the 
level by four times or greater. Therefore, if the proposed 
guideline for E, co 1 i i s implemented , the beaches will still 
remain posted . 

In summary, four of the five beaches at St. Catharines 
remained permanent ly posted during the summers that surveys 
were carried out. Only Jones Beach remained open for the 
majority of the summer periods, being closed on a temporary 
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basis. The low levels of bacteria found at Jones Beach can 
be attributed to the protection provided bv the impervious 
Welland Ship Canal breakwall which extends far out into Lake 
On t a r i o . 

Twelve Mile Creek also discharges out through a breakwall to 
Lake Ontario. However, this breakwall is not impervious so 
the Twelve Mile Creek water can mix with the lake water. 
This mixing likely causes bacterial contamination nf the two 
adjacent beaches, Lakeside Park and Michigan. If these 
breakwalls were sealed, it is probable that Lakeside Park 
Beach and to a lesser extent Michigan Beach would be 
protected from cont inuous contaminat ion by bacterial levels 
in the Twelve Mi le Creek outflow. However , Municipal and 
Garden Ci ty beaches would probably still be impacted by the 
plume discharging from the mouth of Twelve Mile Creek. 

4 .3 Twelve Mile Creek Drainage Basin 

A comparison of the fecal coliform results for the Old 
Welland Canal (OVO for the summers of 1984 and 1985 are 
presented in Figure 4.8. The results indicate a major 
increase in fecal coliform concentrations in the background 
values at the OWC intake and Glendale Avenue locations as 
wel 1 as at the Old Wei land Canal and Twelve Mi le Creek 
downstream of the confluence of the Old W^Uand Canal. 
Fecal coliform concentrations were also very high in the Old 
Wel land Canal at the Tricell outlet. John Street and 
Westchester Avenue . These high levels may be at tr ibu ted to 
the industrial and municipa 1 ef f luent s contaminating these 
waters. The lower concen t ra t ions in the Twelve fti le Creek 
are due to the large dilution that occurs. 
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4.3.1 Old Welland Canal 

Compari son of four stations for July 9 - 11, 1984 (Table 
4.8), along the OWC shows elevated fecal coliforui geometric 
means from a low of 51 org./lOO ml at the OWC intake to 
201,351 org./lOO ml at the John Street station, 410.000 
org./lOO ml at Westchester and 262,770 org,/100 ml at the 
Tricell Outlet. These elevated concentrations show a large 
change in water quality from the OWC intake due to 
industrial and muni cipal discharges. 

In the August 28-30, 1984 survey, the fecal coliform level 
at the OVJC Intake was similar to the previous month at 36 
org./lOO ml, but the three stations downstream in the Canal 
showed a considerable decrease in fecal coliform levels from 
the previous survey with geometric mean values recorded at 
10,096 org./lOO ml at the John Street station, 5,316 
org./lOO ml at Westchester and 11,698 nrg./lOO ml at the 
Tricell Outlet. Nevertheless , these levels were still high 
in relation to the intake waters and indicate poor water 
quality for this area. 

By contrast, in the August 12-15. 1985 survey, the fecal 
coliform concentration increased from the previous summer to 
a geometric mean of 1,489 org./lOO ml at the OVJC intake 
indicating a poorer water quality. The source of this 
contamination is unknown. A considerable increase in fecal 
coliform concentrations was also observed at the three 
stations downstream in the Canal with geometric means of 
1,336,608 org./lOO ml for John Street, 1,595,873 org./lOO ml 
for Westchester Avenue and 2,355,745 org./lOO ml at the 
Tricell Outlet. The similar fecal coliform levels at John 
Street, Westchester Avenue and Tricell Outlet stations 
indicate that there was relatively no die off or regrowth of 
fecal coliform ore an isms in the OWC. 
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In the September 22-25. 1985 survey, fecal coliform levels 
were 453 org./lOO ml at the OWC intake. The concentration 
at John Street remained high at nearly 700,000 org./lOO ml, 
but a considerable decrease in fecal coliform concentrations 
to nearly 200, 314 FC/lOO ml was found at the Tricel 1 
Outlet. 

In summary. resul ts shown in Figure 4.8 indicate that 
consistently high concentrations of fecal coliform organisms 
occurred along the Old Wei land Canal during the summers of 
1984 and 1985. These elevated values relative to background 
levels are attributed to discrete effluent inputs into the 
Canal (Figure 4.9). derived primarily from the Ontario Paper 
effluent , Domtar Construction effluent and the Centennial 
Park 78" sewer for the summer of 1984 and again from the 
above first two point sources plus Carter Creek for the 
summer of 198 5 . 

It should be noted that the comparison of fecal coliform 
levels from the 78" Centennial Park sewer showed a dramatic 
decrease between the summer of 19B4 and 1985 (Figure 4.9). 
However, this decrease was offset by a simultaneous increase 
in loading from Carter Creek in August 1985. Some 
improvement was also observed in the Ontario Paper final 
effluent in July 1984 and August 1985, but a significant 
increase in fecal coliform output occurred again during the 
September 1985 survey. 

4.3.2 Twelve Ml le Creek 

Fecal col i form concent rat ions in Twelve Mi le Creek for the 
summers of 1984 and 1985 are plotted in Figure 4.8 for four 
Stat ions along the creek. Background concentrations 
recorded at Glendale indicate a progressive increase from a 
geometric mean low of 32 org./lOO ml in July 1984 to a high 
of 1.014 org./lOO ml in August 1985 followed by a decrease 
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to 354 org./lOO ml in September 1985. At the three stations 
downstream from the confluence with the Old Wei land Canal 
(Tricell Outlet), the bacterial concentrations are 
consistently higher than background level. This trend 
follows closely the fecal coliform concentrations in the Old 
Welland Canal which stands out as a major source of 
contamination for Twelve Mile Creek. 

4.3.3 Sewage Treatment Plants 

The trends in fecal coliform concentrations in the treated 
effluents of the Port Weller and Port Dalhousie sewape 
treatment plants, (STPs) are shown in Figure 4.10. Both 
STPs show an increase in fecal coliform output into Lake 
Ontario with respect to time. The concentrations are 
substantially lower in the Port Dalhousie STP wi th a low 
geometric mean value of 14 org./lOO ml in August 1983 rising 
to a high of 270 org./lOO ml in August 1985. These low 
concent rat ions are within acceptable values and have little 
impact on the loading in the surrounding beaches . When 
compared with fecal coliform geometric mean values of 33,000 
org. /ion ml from the mouth of Twelve Mile Creek, the amount 
discharged from the Port Dalhousie STP into Twelve Mi le 
Creek becomes rather insignificant. 

By contrast, the output of fecal coliform from the Port 
Wei ler STP into the Wei land Ship Canal is signi f icant ly 
higher with geometric mean values of 60 org./lOO ml in 
August 1983 that rise to a high of 12.488 org./lOO ml in 
August 198 5. 

Although the output from Port Wei ler STP is greater, its 
impact on the beaches may not be that significant 
considering the large dilution and dispersion factors of the 
Wei land Ship Canal . The geometric mean col i form count in 



1 Ol 



5 



- 51 - 



10000 



/ 



/ 



/ ^ 



/ 



/ 



/ 



\ 



\ 



\ 



N^Port W«II«r S.T.P 



6 00- 



/ 



— 10 

E 

o 
o 

500-1 

E 

« 

c 
m 
oa 



1 00 



60 



i 



/ 



/ 



/ 



/ 



/ 



/ 



/ 



/ 



/ 



/ 



/ 



/ 



/ 



-«Port Dalhousia S.T.P 



1 



Aug. 83 July 64 Aug. 84 Aug. 85 

Fecal Conform Levels at Port Dalhousle 
and Port Weller Sewage Treatment Plants 



Figure 4.10 



- 52 - 

August 1985 was only 14 org./lOO ml at the Wei land Ship 
Canal mouth. In addi t ion , the outflow does not disperse 
through the breakwalls and lake currents generally sweep the 
outflow from the Welland Ship Canal away from the beach 
areas . 

4 ,4 Interferences with Bacteriological Tests 

Prior to September 1985, all off-beach samples were treated 
the same and analyzed according to the methods requested. 
During the August 1985 survey , it became apparent that the 
paper mi 11 effluent was causing a problem wi th sample 
analysis. Pulp and paper waste which contains high levels 
of urease negat ive Klebsiel la sp . and non- target micro- 
organisms is known to affect the speci f ici ty of the standard 
E. coli procedure (mTEC/urease) . In essence, the E. col 1 
test proves to have very low speci f ici ty (approximately 50%) 
in areas impacted by pulp and paper mill waste. Since the 
beaches sampling points were not impacted by the pulp and 
paper mill effluents as greatly as other sampling points, 
the E. coli data from these sites have a more acceptable 
specif ici ty (80%) . 

As a result of a meet ing between V/est Central staff and 
Central Laboratory Microbiology staff in the fall of 1985, a 
further less Intensive survey was planned for the week of 
September 22, 1985. The week prior to this survey, twelve 
samples were submitted to allow specificity testing of new 
tentative E. col i methods and the Klebsiel la method. The 
performance testing demonbtrated that the method of choice 
for analyzing these pulp and paper samples was an r!PN 
procedure utilizing me thy lumbe lIlferyl-B-D-glucuronide 
(flUG) . It had a specificity of greater than 90%. 
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However, because of an insufficient supply of PHJC medium, 
only selected stations could be analyzed with the MUG/fTPN 
procedure during the September survey. The E, co 1 i data 
from this method can be considered to provide the most 
accurate estimate of E. co 1 i concent rat ions . 

The mTEC-IG/MF procedure which was used to analyze all 
sampl es for E . coll was found to have a specificity of 
approximately 75% when combined with the urease step. 
Although this is an improvement over the mTEC/urease 
procedure, this specificity is still not satisfactory and 
the values provided were for the most part considered 
approximations due to the large ratio of non-target 
(background) to target colonies. The problem in some cases 
was so bad that the lab staff were trying to identify one or 
two target "colonies" on a filter totally overgrown with 
non-target colonies. 

The Klehsl e 1 la mF procedure (mK) used in 1985 had somewhat 
improved specificity over previous years as a result of an 
increase in the concentration of the antibiotic 
carbeni c i 1 1 in in the medium. The specificity of the 12 
samples submi tted was 95%. The improved performance of mIC 
agar should not have a significant effect on the 1984 pulp 
and paper data because of the high relative concentrations 
o f Klebsie 1 1 a in the waste. One point that should be made 
is that the count obtained by the mK method is of Klebsi e 1 la 
species not necessarily K. p neumoni ae sensu stricto . 
Further testing of isolates is required to determine if the 
actual species identification is of the bacteria being 
enumerated. 



- 54 - 



5.0 Discussion 



A comparison of loads of fecal coliform organisms from 
various point sources for the July 19 8 4 survey (Table 4.1) 
shows that Ontario Paper, Domtar Construction and the 
Centennial Park 78 " sewer comprised the three major sources 
of fecal coliform input into the Old Wei land Canal . The 
load from the intake to the end of the Canal at the Tricell 
outlet, increased from 0.0071 x 10^ to 92 x 10^ org/sec 
This input from the Old Wei land Canal was in turn the major 
source of contamina t i on of Twelve Mi le Creek which showed a 
load increase from a background of 0.64 x 10^ organi sms/sec 
at the upstream control station to 20 x 10^ organi sms/sec at 
the creek mouth . 

Similarly, for the survey of August 1984 , the major loads of 
fecal coliform into the Old Welland Canal (Table 4.3) 
originated from Ontario Paper, the Centennial Park sewer and 
to some extent Carter Creek. These sources to the cana 1 in 
turn affected Twelve Mile Creek whose load, although at a 
relatively elevated background level nf 5.6 x 10'* org/sec at 
Clendale , increased at its mouth to 67 x 10^ org/sec. The 
high load of Klebsiel la sp . at 52 x 10^ org/sec near the 
mouth of Twelve Mile Creek indicates that this bacteria may 
also be a major source of contamination at St. Catharines 
beaches . As indicated in Table 4.3 the major sources of 
Klebsi el la sp . for the August 1984 survey were Ontario Paper 
and the Centennial Park 78" sewer. 

In the survey of August 1985 (Table 4.5) the background load 
at the intake of the Old Welland Canal was nearly 12 times 
higher in the previous summer and ten times higher than the 
load input from the Domtar Construction effluent. The two 
major sources of fecal col i form to the Cana 1 for this survey 
were Ontario Paper with a load of 33 x 10^ organi sms /sec 
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and Carter Creek with 22 x 10^ organ i sms/ sec . In 19 84 , the 
Centenni a 1 Park sewer was a major source of fecal coliforin 
to the canal; in 1985 this became a relatively insignificant 
source with a load one thousand times less than the 1984 
levels . However , thi s decrease of fecal col i form load from 
the Centennial Park sewer was accompanied by a simul taneous 
increase in load from Carter Creek in 1985. These combined 
sources increased the load in the Old Wei land Canal from the 
intake background value to its confluence with Twelve ?ti le 
Creek at the Tricell Outlet by a factor of 1,000 (Table 
4.5) . 

In August 1985, the background load in fecal coliform from 
Twelve Mi le Creek at Glendale Avenue, was nearly 10 t imes 
higher than that of the previous summer and only 10 times 
less than that was inputted from the Old Welland Canal. 
Hence, in August 1985, the Canal was not the only major 
source of fecal coliform organisms to Twelve Mile Creek, 
since the Creek itself upstream of its confluence with the 
Canal high bacterial levels. The Canal and the Creek 
combined contributed to a final load at the Creek mouth of 
590 X 10^ organisms/sec which resulted in the summer posting 
of beaches in St. Catharines. 

For the survey of September 1985, the differentiation of E. 
col i and Klebsie 1 la sp . from the fecal coliform organisms is 
reported in Table 4.8. Ontario Paper, Domtar Construct ion 
and Carter Creek are the three primary sources contributing 
heavy loads of fecal coliform organisms comprised largely of 
Klebsiel la . Background loads in Twelve Mile Creek, at 
Glendale Avenue, were again relatively high in September 
1985 for all these groups of organisms , being only 10 t imes 
lower than those of the Old Welland Canal at the confluence 
with Twelve Mile Creek for the fecal coliforms (Table 4.9). 
This indicates, as for the August survey, that Twelve Mile 
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Creek upstream from the Old Wei land Canal is a sign 1 f leant 
source of bacterial contamination. It is significant to 
note that the ma jori ty of the fecal col i form organisms 
present at the St. Catharines Beaches are Klebs iel la (Table 
4,8) . 
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6 .0 CONCLUSIONS AND RECOrT>tENDATIQNS 

The two bacteriological surveys conducted dur ing 1984 
ident i f ied the Old Wei land Canal as being the ma j or source 
of contaminat ion to Twe 1 ve Mi le Creek and thus to Lakeside 
Park, Michigan , Garden Ci ty and ^tun i c ipal Beaches. Twelve 
Mile Creek is unlikely to impact upon Jones Beach since the 
beach is protected by the Wei land Ship Canal breakwall. 
Bacterial data collected during 1985 not only identified the 
Old We 1 land Canal as a ma j or source of contamination but 
also indicated that upstream waters contributed 
significantly to water quality degradation. 

Domestic sewage and paper mill effluents were identified as 
the main bacterial contamination sources to the Twelve Mile 
Creek system during dry weather . Many i 1 legal connec t ions 
and poorly operating combined sewer overflow structures were 
responsible for the domes t ic sewage contributions. Ontario 
Paper and Domtar Construction were responsible for the 
majority of the bacterial contaminat ion associated with 
paper mill effluents. 

Centennial Park sewer outfall was the highest single source 
of fecal coliform contribution during the July 1934 instream 
survey. This and other minor sources were reported to the 
City of St. Catharines Engineering Department for corrective 
measures and by the following year these outfalls 
contributed significantly less bacterial coptamination. 

Carter Creek , Dick ' s Creek and McKenz i e Dra in show evidence 
of fecal coliform contamination. Carter Creek's water 
quality deteriorated severely during 1985 and has become a 
significant bacterial source. 
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Bacterial contamination increased significantly at both 
sewage treatment plants wi thin the study area during the 
four surveys . Bacterial levels in the Port Dalhousie STP 
effluent was cons ide red to be acceptable . However , during 
1985 . the Port Wei ler STP produced a signi f icant bacterial 
load. This input does not contribute signi f icant ly to beach 
contarainat Ion in this area because of the large di lut ion 
that occurs in the Wei land Ship Canal , as wel 1 as the lack 
of dispersion with lake water near-shore and the impermeable 
breakwal 1 barriers - 

Klebsiel la inhabiting the nutrient-rich paper mill effluents 
interfered with the speci f ici ty of the E. col i analyses 
carried out during the first three surveys. New test 
procedures were developed, tested and applied in the fourth 
survey. It was found that the paper mill effluents 
contained a ratio of less than 2%- E. col i /fecal coliform. 
However. considering the amount of effluent being 
discharged, these sources are still significant. 

In light of the above conclusions, the following 
recommendations are made: 

1. Further bacterial source identification work should be 
conducted to locate contamination upstream of Glendale 
Avenue In Twelve Mile Creek. 

2. Bacterial contamination in Ontario Paper and Domtar 
Construction effluents should be reduced. 

3. Bacterial contamination in Carter Creek, Dick's Creek 
and McKenzie Drain should be identified and reduced. 

4 . Treatment practices should be improved at Port Wel ler 
STP to reduce bacterial levels in the effluent . 
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5 . Al 1 combined sewer overflows in St . Catharines and 
Thorold should be located so they can be inspected and 
maintained in good working order especially during 
swimming months . 

6. All storm sewers should be inspected for illegal 
connections and where found, corrected. 

7. A wet weather survey should be carried out to evaluate 
the impact of storm sewer and combined sewer overflows 
on the beaches and Twelve Mile Creek . 

8. In co-operation with the Ministry of Health, the health 
significance of Klebsiella should be determined. 

9. The possibility of revising bathing and swimming 
standards to specif ical ly include E . coli should be 
continued. 

10. An optimization model should be developed for 
predicting the response of beaches' bacterial levels to 
reductions of various inputs. This model would provide 
guidance for the two cities and the Regional 
Municipality in prioritizing remedial work to be 
completed on combined sewer overflows and sewage 
treatment by-passes . 

11. A further study indicating the extent of the Twelve 
Mile Creek directly impacting the adjacent beaches 
through the pervious breakwalls should be carried out. 
If this impact is deemed significant, then a pre- 
engi nee ring cost estimate of sealing the breakwalls of 
Twelve Mile Creek to protect Lakeside Park and Michigan 
beaches from bacterial contamination should be carried 
out . 
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